Generally, floating structures play an important role for exploring the oil and gas from the sea. The force and motion prediction of offshore structures may be carried out by using time domain or frequency domain or model tests. In this paper the frequency domain analysis used because it is the simplified and linearized form of the equations of motion. Mostly in numerical calculations the number of meshes plays an important role in the accuracy of results, time of calculation and facing to computer memory limitations. The 3D source distribution panel method is shown to be sensitive to mesh near the resonance frequencies of the floating body. So, it is important to establish best practices and determine the mesh requirements for a given level of accuracy. The results obtained from numerical commercial software HydroSTAR (Hstar) on semi submersible prove it.
1.0 INTRODUCTION
All of fixed, floating and moored structures such as ship, semisubmersible, FPSO, TLP and others are subjected to wave, wind and current at sea. They have six-coupled degrees of freedom of motions. Namely, linear and angular motions are surge, sway, heave, roll, pitch and yaw. Oscillating of floating structure affects the loading and offloading operation systems. They may experience resonant motions, which should be avoided as much as possible under installation, operation and survival conditions. In particular, the vertical plane motions induced by heave, roll and pitch of a floating structure should be kept adequately low to guarantee the safety of risers and umbilical pipes as the most important components in the equipment of oil production.
There are different theories for studying motion of floating structure such as strip theory and potential theory. 3D source density distribution technique is used to get the potential over the floating structure by many researchers and softwares. Having flow velocity potentials on and off the panels, hydrodynamic coefficients of floating structure can be determined. Using Bernoulli's equation leads to calculation of pressure distribution and forces over the floating structure. A numerical model is a mathematical structure which can be used to describe and study a real situation. A second-order linear differential equation for coupled six degree of freedom can describe the hydrodynamics of floating structures; consist of added mass, damping coefficient, stiffness coefficient, forces and motions in six directions.
Hess and Smith 1 studied on non-lifting potential flow calculation about arbitrary 3D objects. They utilized a source density distribution on the surface of the structure and solved for distribution necessary to lake the normal component of the fluid velocity zero on the boundary. Plane quadrilateral source elements were used to approximate the structure surface, and the integral equation for the source density is replaced by a set of linear algebraic equations for the values of the source density on the quadrilateral elements. By solving this set of equations, the flow velocity both on and off the surface was calculated.
Wu, et al. 2 studied on the motion of a moored semi submersible in regular waves and wave induced internal forces numerically and experimentally. In their mathematical formulation, the moored semi submersible was modeled as an externally constrained floating body in waves, and derived the linearized equation of motion.
Yilmaz 3 analyzed the excessive motion of moored semi submersible. They developed and employed two different time domain techniques as due to mooring stiffness, viscous drag forces Clauss , et al. 5 analyzed numerically and experimentally the sea-keeping behavior of a semi submersible in rough waves in the North Sea. They used panel method TiMIT (Time-domain investigations, developed at the Massachusetts Institute of Technology) for wave/structure interactions in time domain. The theory behind TiMIT is strictly linear and thus applicable to moderate sea condition only. Newman 6 carried out convergence studies using WAMIT in the frequency domain for representative floating bodies using different discretization schemes.
An important requirement for a unit with drilling capabilities is the low level of motions in the vertical plane (motions induced by heave, roll and pitch. Matos, et al. 7 numerically and experimentally investigated Second-order resonant of a deep-draft semi-submersible heave, roll and pitch motions. One of the manners to improve the hydrodynamic behavior of a semi-submersible is to increase the draft. The low frequency forces computation has been performed in the frequency domain by WAMIT a commercial Boundary Element Method (BEM) code. They generated a different number of meshes on the structure and calculated pitch forces ( This study focuses on vertical motion of GVA 4000 semi submersible which is characterized by favorable sea-keeping behavior and calculates motion of a body at Head and Beam Sea for different number of meshes.
2.0 TEORY AND MATHEMATICAL MODELING
The individual semi submersible is treated as a rigid body with six degrees of freedom ( Figure 1 ). It is subjected to hydrodynamic forces due to sea incident waves, radiated wave by itself and diffracted waves due to itself as well as bodies. Two right hand coordinate systems are defined. One is fixed to the space on water surface and the other one is fixed to the center of gravity.
The fluid is assumed to be incompressible, inviscid and irrotational and the vessel is assumed to be floating in open water. Then velocity potential with boundary condition of the structure, water free surface, sea bottom and far filed are considered to satisfy the Laplace equation. Time dependence of fluid motion is limited to simple harmonic motion, so the flow field can be characterized by the following velocity potential: 
The differential equation governing the fluid motion follows from the application of the continuity equation which yields the Laplace equation. The individual potentials are the solutions of the following Laplace equation:
Boundary Condition
In the fluid domain bounded by the mean wetted surface area of body S, the above linear velocity potentials must satisfy the Laplace equation and also the following boundary conditions: -linearized free surface condition:
-boundary condition on the sea floor:
Another boundary condition is the wetted surface of the floating structures. Because of linearization, mentioned boundary condition may be applied on the wetted surface of the floating structure in its equilibrium position
In which nj is the direction cosine on the surface of the body in the j-th mode of motion and has the following form:
The radiation condition of the potentials , in which in polar co-ordinate:
Velocity Potential
However, there is no analytical solution for 7 and , so the problem should be solved numerically. According to the 3-D sink source method, the potentials 7 and can be expressed in terms of well known Green functions that can be expressed by the following equation 8 .
(10)
The integral is to be carried out over complete immersed surface of the object. The Green function G (source potential) must in order of the representation in (Equation (10) to be valid, satisfy all the boundary conditions of the problem with the exception of the body boundary conditions and have a source like behavior. As a result, boundary conditions are reduced only to on wetted surfaces of the bodies. So, the wetted surfaces should be subdivided into panels to transform integral equations to a system of algebraic equations to determine unknown source density over each panel. The appropriate Green function used in this paper to the boundary value problem posed is given by Wehausen, et al. 8 After getting the source density, the velocity potentials on each panel can be obtained using the (Equation (10).
Forces and Moments
Once the velocity potential is obtained, the hydrodynamic pressure at any point on the body can be obtained from the linearized Bernoulli's equation and can be written as:
Now after putting the value of Φ in the (Equation (11), the following expression is obtained,
By neglecting the higher order terms, we can write:
As first part of (Equation 13) is associated with the hydrostatic and steady forces, so neglecting this part, the first order wave exciting and oscillatory forces caused by the dynamic fluid pressure acting on the body can be obtained from the following integrals:
Moreover, it is usual to decompose the hydrodynamic forces resulting from the movement of the bodies into components in phase with the acceleration and velocity of the rigid body motions. It leads to the added mass and damping coefficients respectively. These coefficients which are used in the equation of motion can be expressed from the equation as:
The suffixes , = 1, 2, 3, 4, 5, 6 represent surge, sway, heave, roll, pitch and yaw modes, respectively.
Equation of Motion in Frequency Domain
By having exciting forces, added mass and damping coefficients, the motions of semi submersible can be calculated by the following coupled equations. The equation of motion will be coupled dynamically because of hydrodynamic interaction between the elements. So the equation can be considered by using the following matrix relationship:
3.0 RESULTS AND DISCUSSION
One of the obstacles in numerical methods is mesh number, computer ram limitations and finally calculate time consumption. To obtain the motion responses of a floating semi submersible calculation has been carried out at Head and Beam Sea by using HydroSTAR 9 which is commercial software based on potential theory. The principal particular of the selected Semi Submersible is showed in Table 1 .
A different number of flat quadrilateral meshes 436, 552, 896, 1192 and 2248 have been generated on the wetted surface of semi submersible. It was tried to choose small meshes at the edges and near water surface for more accuracy (Figure 2 ). For more visibility of figures only half of the body was shown. The HydroSTAR itself was used to generate the meshes. Computations of first order problem of wave diffraction and radiation have been carried out for motion responses of a semi submersible at Head Sea and Beam Sea and plotted against wave frequency in Figure 3 - Figure 6 at a water depth of 175 meters. Figure 3 and Figure 5 and shows non-dimensional heave motions at heading 90 and 180 respectively. The RAOs plateau around one until around 0.2 rad/s and after that get a maximum peak at resonant frequency 0.35 rad/s. In the range of natural frequency resonance takes place, so the calculation is difficult and strongly depends on the damping. Then they fell down dramatically to reach a nadir at the so-called cancellation frequency 0.38 rad/s. At the cancellation period, the vertical excitation on top and bottom of the pontoons reduces the exciting force to near zero. The RAOs then rise to reach the second peak about 0.5rad/s and finally slope down to zero at high frequencies.
In the roll motion RAO (Figure 4 ) the first peak occurs at around natural frequency 0.1 rad/s and second one at 0.65 rad/s. The RAO decreases from 0.61 to 0.02 at cancelling frequency 1.1 rad/s. The first peak takes place at 1.2 rad/s and after that the RAOs slope down. Figure 4 and 7 show that calculation in very low or high frequencies should be done at different meshes numbers.
In Figure 6 pitch motion RAOs reach a peak at natural frequency 0.12 rad/s, then drop at cancelling frequency 0.19 rad/s. There are rises of 0.4 at 0.6 rad/s and after that they decrease dramatically to reach 0.015 at 1.05 rad/s.
As the Figure 3-Figure 6 show, calculation results for different number of meshes are nearly identical (not sensitive to mesh), except at natural frequencies. Normally calculation accuracy is low at resonance frequency. The RAOs are highly dependent on damping and potential damping is low. So, more panels are required to give a converged result.
For verification Matos, et al. 7 wave exciting pitch results which were calculated by using WAMIT shown in Figure 7 . As it shows the result in different mesh numbers excluding 241 panels, are almost same.
In this study calculation carries out by using Dell laptop, CPU 1.83 GHz, RAM 3 GB, Window 7, 64 bit operating system. Figure 8 shows the calculation time by HydroSTAR for different mesh numbers of semi submersible. The mentioned time has been shown in percentage form in Figure 9 .
436 mesh and related calculation time considered as a base and the others computed respect for them. As it is shown by increasing mesh numbers almost 200% (2 times), calculation time increases about 500% (5 times) and increasing 400% cause 2000% of calculation time.
4.0 CONCLUSION
Motion of floating structure has significant influence on loading and unloading operation. In this paper, a semi submersible modeled in well-known commercial software HydroSTAR. A calculation has been carried out at the different number of meshes on the wetted surface of the structure and computation time recorded. Calculation time increases dramatically by increasing mesh number. For larger meshes, improved calculation times may be achieved using larger RAM to avoid swapping data to the hard disk. Diffraction wave potential on body Potential due to motion of the body in j-th mode, (ξ, η, ζ) denotes a point on surface S σ(ξ, η, ζ) denotes the unknown source distribution. 
